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THE THERMAL REARRANGEMENT OF 
TRIARYLACETONITRILE OXIDES 
ABSTRACT OF DISSERTATION 
This research is a detailed study of the rearrange­
ment of triarylacetonitrile oxides to the corresponding 
triarylmethylisocyanates. The kinetics of the rearrange­
ment of triphenylacetonitrlle oxide was followed by infra­
red absorption spectroscopy using the peak due to the N-0 
stretching (1307cm"1).  A study, both, using the differ­
ential method (i .e. ,  a plot of the logs of the initial 
slopes vs. the log of the concentration) and a check of 
the integrated forms of the rate expressions to determine 
which gave a constant value for the rate constant showed 
that the reaction is first order. 
From measurements of the rate constant, k, at several 
different temperatures, values of A H and A S were deter­
mined from the Eyring equation to be 8.66 kcal/mol and 
-59'3 cal/mol-°A, respectively. 
The rearrangement rates of several substituted tri-
phenylacetonitril^'oxides were measured and i t  was learned 
that the presence of various substituent groups on the 
phenyl ring either did not effect or slightly increased 
the rate of rearrangement. 
In the light of the evidence obtained, a concerted 
mechanism for the reaction seems most feasible. The highly 
negative entropy of activation value indicates a highly 
ordered transition state as would be obtained by such a 
mechanism. The fact that substitutes uniformly accelerate 
the reaction, also, seems to indicate that the intermediate 
possesses a degree of radical character. 
Attempts to synthesize a series of substituted tetra-
phenyldiazoethanes via a route involving the triphenyl-
acetonitrile oxides proved unsuccessful.  
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INTRODUCTION 
: This research is a detailed study of the rearrangement 
cf triarylacetonitrile oxides to the corresponding triaryl-
methylisocyanates. Nitrile oxides had previously been re­
ported to thermally rearrange to isocyanates^ but there had 
i been no serious attempt to study the mechanism of this rear-
i rangement. This research has involved the determination of 
' the kinetic order and the measurement of reaction rates at 
different temperatures for the triphenylacetonitrile oxide 
! 
rearrangement. A series of mono-substituted compounds were 
I 
also synthesized and studied. 
I 
The initial research efforts were directed toward the 
synthesis of tetraaryldiazoethanes with the view to a study of 
their thermal decomposition and rearrangement by way of a car-
bene intermediate. Studies have appeared in the literature 
which have determined the relative migratory aptitudes of var-
i 
ious groups to an adjacent carbene site. By varying the nature 
i 
of the potential migrating aryl groups, for example, with elec­
tron donating and electron withdrawing substituents, the rela­
tive migration aptitudes have been determined. However, very 
little is known about the effect various aryl groups (i.e. aryl 
i 
groups containing electron-withdrawing and electron-enriching 
substituents) have upon the selectivity of such a migration 
when they are attached directly to the carbene .site. It was 
the original goal of this research to conduct such a study. 
The synthetic sequence that was chosen for this study had 
! 2 
22 been successfully accomplished by Wieland for the unsubsti--
tuted compound, tetraphenyldiazoethane. However, for the sub­
stituted compounds, difficulties were encountered in the ayn-
i 
thetic sequence. Subsequent studies indicated that the prob-
I lem occurs at the step involving the synthesis of the substi­
tuted triphenylacetonitrile oxide. The source of this diffic­
ulty appeared to be a relatively facile• rearrangement of the 
nitrile oxides to isocyanates. Since little was known about 
! the details of this rearrangement, and an understanding of it  
appeared necessary to successfully accomplish the initial syn-
,thetic goals, a study of this rearrangement was undertaken. 
A review of the literature on the nitrile oxide rearrange­
ment is presented in chapter two. Since it is hoped that this 
work might lead to the successful synthesis of a variety of 
tetraaryldiazoethanes and thereby a significant study of the 
corresponding carbene rearrangements, a review of the litera-
j ture on carbenoid rearrangements is presented in chapter three. 
i 
CHAPTER ONE 
REACTIONS OF AROMATIC NITRILE OXIDES 
Until 1965* very few nitrile oxides had been isolated, 
for they dimerize to furoxans too rapidly. However, benzo-
nitrile oxides, and several other aromatic analogs, as well as 
22 * 2 5 triphenylacetonitrileoxide, pivalonitrile oxide, and 
acetonitrile oxide^^ are now known. P.A.S. Smith, in his 
book, "The Chemistry of Open-Chain Organic Nitrogen Compounds" 
(Vol. 11)^', and Christoph Grundmann and his associates'*''*® 
have summarized the reactions of nitrile oxides. Most aliphatic 
nitrile oxides dimerize at room temperature at an immeasurably 
fast rate to 1,2,5-oxadiazole-l-oxides (furoxans) (Eq.l). 
(Eq.l) 
R-C C-R R-OC-R" 
HI | "I -"III Ml 
IN +  N N IN 
vo 0 V No 
and benzonitrile oxide dimerized within hours after its prep­
aration. However, dimerization of aromatic nitrile oxides can 
be sterically blocked by the addition of bulky substituents 
attached to the ortho positions of the aromatic ring. Grund­
mann and Dean^ prepared such compounds and studied their chem­
ical properties. The following is a list of the compounds which 
were synthesized and studied (Eq#2). 
4 
(Eq.2 j . 
>N-0-H 
Z-0-C- • - Br, -f- Na OH • pyr> > Z-0-CSN-O 
nH * 
CI N-O2 
The method used to prepare the nitrile oxides involved the 
dehydrogenation of the aromatic aldoximes to the nitrile 
oxides by means of alkaline hypobromite. 
These compounds were then studied by Grundmann and Dean, 
7 8 and Frommeld.'* The following is a summary of their finding 
Trimethylphosphine J reduces nitrile oxides almost quan­
titatively to the corresponding nitriles 4 (Eq.3) *'? 
(Eq.3) 
Z -0- C 2N- 0 + PC C-HJ„ Z-0-CZK 
3 ± 
These stable nitrile oxides also display the characteristic * 
addition reactions of the nitrile oxide group. Hydroxamic 
chlorides £ are produced by the reaction of hydrogen chloride 
(Eq.4) 
OH 
Z-ef-C^N-0 -{- HCl V Z-0-C. 
tr ci 
I 5 
Reaction with aniline leads to the formation of the phenyl-
' amidoximes _6 (Eq.5) l 
\ (Eq.5) ,NOH 
Z-0-CsN-O -f- >20 Q 
2  6  X ^ H  0  
These compounds can be distinguished from the isomeric ureas Z 
q by their basic nature- ie, they dissolve 
i  Z~0'N'C-N~0 in dilute acids. » i  
M M Z Phenylacetylene reacts in a 1,3-dipolar 
Phenylurea cycloaddition to give the 3-aryl-5-phenyl-
isoxazoles 8. (Eq.6)« 
j 
( P l '6 )  Z-0-CHA/-O + 0C*C-H->Z-0-C— C - H  
l l  
! N  C 
2 x0 
Aromatic nitrile oxides also react with phenylhydrazine, 
! but a side reaction also occurs involving oxidation-reduction 
of the phenylhydrazine and nitrile oxide. Therefore, the yield 
of the phenylhydrazone 2 very low, and it was proven to exist 
only by the subsequent oxidation with ferric chloride and recov­
ery of a small amount of the benzohydroxyimylphenyldiimide 10 
(Eq« 7). 
el ftU.Uu w TeCh ~r (A z-0-C5W-o^z-0-c X__> z-0-c^=N.0 
Although the above phenylhydrazone had been prepared by him by 
another route, Wieland"*"^ had also noted its instability. 
! 6 
i Aromatic nitrile oxides, while inert to aliphatic alcohols 
below 100°, will react in both an alkaline and dilute acid media. 
! 
The reaction of methoxide ions with mesitonitrile oxide forms 
methyl-mesitohydroximic acid 11_ (Eq.8)i 
(Eq.8) 
CHt 
•V^CN-O + CH30riCH3C^Ct^ 
ch 3  m CH 3  
The acid catalyzed reaction occurs as follows (Eq.9)» 
(Eq.9) 
MOH + 
Z-0-CHM-0 Z-0C = N-OH C + C 
H0Me OMt 
Further methylation of both isomers with diazomethane produced 
methylmethylmesitohydroximate 12 (Eq.lO)i 
(Eq.10) 
„3C 
CH Z  W* CH 3  O M e  
Mercaptans, having a higher degree of nucleophilicity, 
add easily to nitrile oxides to produce alkyl substituted 
benzothiohydroximic acids 1_2. (Eq.ll) t 
(Eq,11) w . /,N OH 
2-0<=N-O + Cjh^-SH >7-0<( 
13 SC2H5 
7 
With catalytic amounts of diluted sulfuric acid, acetic acid 
reacts with nitrile oxides (Eq.l2)j 
(Eq.12) 
tf-OH 
• _ '/ 
3 
The product is acetyl-substituted benzohydroximic acid 14. 
With acetic anhydride, diacetyl hydroximic acid ljj, is formed 
„ /of-CHj 
Z-0C.IM + 
In generalr nitrile oxides are quite stable toward base cata­
lyzed hydrolysis. Attempts to produce hydroxamic acids by the 
addition of hydroxide ions were unsuccessful. Mineral acids, 
on the other hand, catalyzed the addition of water (Eq.l4)i 
(Eq.14) +  ^ OH 
Z-0-C5N-O + H20 —- *2~0'Cs„,, 
O H  
The substituted benzonitrile oxides studied react with the 
sulfide ion resulting in two products. With Na2S (pH 8) and 
mesitonitrile oxide 1, for example, the sodium salt of mesi-
tothiohydroxamic acid 16 was formed. A solution of NaHS or 
H2S, on the other hand yielded a thioanhydride of mesitothio-
hydroxamic acid 12_ (Eq.l5)« 
i 
8 




16 ch3 ch3 
*£+((CH3)Z-0 C >38 
M 
II 
One exception to this reaction is found with 2,4,6-trimethoxy-
benzonitrile oxide Rather than an addition reaction occurs 
ring, the electron-donating effect of the methoxy groups evid­
ently increase the oxidation potential of the -C3N-0 group and 
a redox reaction occurs (Eq.l6)i 
Thermal decomposition of the anhydride of Eq.15 leads to the 
formation of 2,4,6-trimethylphenylisothiocyanate 2j2 and 1,3-di 
(2,4,6-trimethyl-phenyl) urea 2j[ (Eq.l7)« 
(Eq.l6) 
°CH3 





Grundmann and Frommeld explain the production of these pro­
duct s  b y  th e  f o l l o w i n g  m e c h a n i s t i c  s e r i e s .  T h e  ma t e r i a l  i s  a 
"kind of acylated hydroxamic acid". Therefore, the first step 
is the "acyl migration" 18 followed by an elimination of the 
acyl group, leaving a nitrene 1£ intermediate which stabilizes 
as the isocyanate 20. The eliminated thiohydroxamic acid 21. 
simultaneously undergoes an analogous Lossen rearrangement 
the isothiocyanate product .22. 
The chemistry of an interesting nitrile oxide, the com­
pound, 2-bromonorbornylmethylnitrileoxide has recently 
been reported by Ranganathan, Singh, and Panda. It as p 





* ^ +>,* + this nitrile oxide, although relatively 
The authors found that tnis 
. nmfiriP isocvanate upon being re-
stable, rearranged to the iso 
, nt for four hours. They postulated 
fluxed in a xylene solvent 
orfe through an oxazarine 26 intermediat 
that the reaction proceeds 
to support that assumption was 












A number of carbene reactions27,28 have been studied 
and reported in the literature. These reactions involve a 
carbene or divalent carbon intermediate which may be either 
in a singlet or triplet state. There are basically three 
types of reactions involved; insertion of the carbene into the 
C-H bond, addition to olefins, and intramolecular rearrange­
ment. Since the initial goal of this research was to study 
some aspects of carbene rearrangements! only rearrangement 
reactions are herein reviewed. Rearrangement* it is found, 
occurs with the migration of an alkyl group, an aryl group, or 
a hydrogen atom to give an olefin. In many reactions, cycli-
zation through insertion also occurs. 
Bamford and Stevens^ studied the toluenesulfonyl (tosyl) 
hydrazones of aromatic ketones, and Cava, Litle, and Napier-^, 
the monotosylhydrazones of diketones 1, (Eq.l). Good yields of 
products formed from intermediate diazo compounds were reported 
in each case; 
(»i.i) 
' * R' - #' R - * 
p'C =r N-KJ - S 02 R* " S 0 2 K —i> + 
K r\ 
X 
The reaction proceeds only by heating to 130-150°. The decom­
position involves formation of a diazoalkane intermediate. The 
13 
decomposition follows two different routes depending upon the 
solvent. Carbonium ions result in a hydroxylic solvent (glycol). 
The carbenoid reaction predominates in aprotic solvents (diglyme). 
Camphor tosylhydrazone 2 has been used in elucidating the 
two mechanisms (Eq.2)$. 
(Eq,2) 
N N H T S 
Wfl.gner • A1t«rwWn 
I nfc ra mc /ec a la.r 
A number of reactions have been studied in which alkyl 
and dialkyl carbenes rearrange. Friedman and Shechter ̂  
studied the rearrangement of a number of tosylhydrazones in 
which the divalent carbon inserts into the p and y-carbon-hy-
drogen bonds to give olefins and cyclopropanes (Eqs»3a-e) 
(Eq.3a) 





C ^ 2 " +  C H j C ^ C  C H 3  + 
te% HZZ% 
C H^C-C-C H jr + /\ 
3h H f n rJ- > 




CHgC-CH^O -^>-CHjCH=C-(CH5)2 + CH-CHiC=CH2 + 
CHZ 7* 
A CH3 CH-x 
Wo 3 
(Eq.3d) 
0 \j H H 
CH^CH^C'CH^ —* -=^CHsi«C-CM3 + -f-
67% H >?7% 
I 
i (Eq.3e) 
+ CHzCH5CH-CH9 -f- /\ 
• 2 Z5% z A±CH, 0.9% 3 
C,\° ^3 
CH^C - C - C H ,  -  »  — C H ^ C - C H - C H  +  
J «3 i 
CH3 Ch3 H3;Ach3 
^ 53% ^7% ch5 
The equations (above) depict the per cent yield of products 
for various aldehydes and ketones. Notice that the relative 
yield of cyclopropane increases with increasing branching on .. 
the a-carbon. This behavior appears to distinguish a carbene 
20 from a earbonium ion intermediate. Skell and Starer, upon 
attempting to prepare di-alkoxycarbenes by the attack of an 
alkoxide ion or dihalomethylene found that rearrangement often 
15 
occurs. However it was found that the reaction involves the 
formation of a carbonium ion (Eq.^) 
(Eq.4) 
O © 
R-O: -K*C Xx—* R-0-C-X2 
y O 
* > R-O-C-X 
, ©  ©-co © 
K-O-Q 
-X © 
and that it is the carbonium ion that rearranges. In this 








Percent Cyclopropane Yields 
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A study was made by Philip and Keating1-5 of the rearrange­
ments of the carbene derived from 2-methyl-2-phenyldiazopro-
pane J. The diazo compound was thermally decomposed, 0.1M 
in hexane solution at 59°C over a period of 96 hours. Results 
of the reaction are summarized by the following equation 
(Eq.6). 
cH3 . 4 ch3 ch3 0 c«3 ch3 
£f-C-CH=U,—<* (0C-C H:N + C=c + C=c -t-
i I t, / \ / > 
CH3 CH3 CH3 H 0 H 
| ~S0% fm J 
V" 
Their studies indicate that the statistically corrected phenyl/ 
methyl migration ratio is about 10si* This contrasts with the 
Zk 
lack of methyl migration in free-radical rearrangements, 
and the 3000-300:1 phenyl/methyl migration aptitudes character-
X 3 istic of carbonium ion rearrangements. Also, it was noted 
that the phenyl migration to insertion ratio was 1.2il. From 
these findings and other previously published work, Philip 
and Keating11 tentatively assigned the order of migration apti­
tudes as: hydrogen^ phenyl^ methyl. 
The tosylhydrazones of several a-aryl-isobutyro-phenones 
4 were thermally decomposed and the aryl migration products 
studied by Landgrebe and Kirk.1^ The dry salts were decomposed 
both in the absence of solvent (aprotic environment) and in 
ethlene glycol solution (protic solvent). The predicted pro­
ducts are as follows (Eq.7)» 
(Hq.7) 
i 




However, none of the methyl-migration product was detected. 
Table 3 summarizes the results of the study, under aprotic 
conditions, giving the substituted compounds studied and the 
ratio of migration product to the carbon-hydrogen insertion 
product formed. The study indicates a stabilization of the 
transition state for this type of compound by electron donor 
substituents on the migrating group. The data also shows 
that a relationship exists with the Hammet c and the value for 
/O is -0.68. 
TABLE 3 
Ratio of Migration to Insertion Product 
of the Thermally Decomposed Diarylisobutyrophenones 
-z %' Migration % C-H Insertion Migratory Aptitude * 
-H 72.8 . 27.2 1.00 
p-CH3 83.6 '• 16.4 1.90 
m-Cl 64.2 35.8 0.67 
When the study was made under protic conditions, only the 













of a carbonium ion intermediate. 
Sargent and Shechter*^ studied the migration aptitudes 
for the rearrangement of the 2-diazo-l,l,l-triphenylethanes £. 
containing various substituent groups (-2, summarized in the 
table below.) 
TABLE 4 
Migration Aptitudes of the Substituted 
2-Diazo -1.1,1-triphenylethanes 








The diazotriphenylethanes were generated in situ by decom­
posing tosylhydrazones of the corresponding triarylacetal 
dehydes 8 with excess sodium amide or sodium methoxide in 
diethyl carbitol. The olefinic products produced were then 
oxidized with potassium permanganate in aqueous buffered 




Z-0-C'02C s 02CJ HJ f^Z-0'C 02CH -N2 + tfa S OJCJ u7 
8 L 
0^ 0Z 0X P 
Z-0C0zCH- C0zt-H = % "z0C~C%H 
The migratory aptitudes are summarized in the Table The 
results were independent of the nature and amount of the 
base and insensitive to temperatures of decomposition from 
90° to 160°C« The data demonstrated that the carbenic inter­
mediates or transition states from 2-diazo-l,1,1-triphenyl-
ethene are electrophilie 
0 ZA 0 0 zA 0 
C-C . , f-c 
.efh h -
since the migration tendency is enhanced by the presence of 
electron donating substituents. 
The study also showed that a linear free energy rela­
tionship exists between the migratory aptitudes and the o+ 
substituent constants of the rearranging phenyl groups. 
The correlation coefficient is 0.97 and is -0.28. Thus, 
there is a resonance interaction between the £-substituent 
of the migratory group and migration terminus in the electron-
deficient transition state. The relatively large migratory 
aptitude of the £-tolyl group indicates that a portion of the 
driving force for its rearrangement arises from steric factors. 
20 
Wieland^ has reported the synthesis of p-benzo-
pinacolone hydrazone,lJ>» the type of compound which was of 
special interest in this research project. His synthesis of 
the hydrazone involved the use of fulminate of silver which 
is relatively explosive if handled carelessly. The following 
is a brief outline of his procedure* 
The reaction involving triphenylmethyl chloride 1,0 and 
silver fulminate jy., produces triphenylacetonitrile oxide 12, 
a white crystalline solid having a melting point, 153-154° 
(Eq»9). aiJ 0,c-c/ + AgCsH-0 0iC-C =N-0 + AgCI 
10° ij ja 
The nitrile oxide was then reacted with phenylmagnesium 
bromide, (Eq*10) 
(^•1Q) yV-OH 
0;C-C =NO + 0-MgBr >0-X-c' 
5 13 5 <* 
to produce tetraphenylacetylketoxime 1^. The ketoxime pro­
duced was reacted with sodium nitrite to form tetraphenyl-
acetylnitroimine 14 (Eq.ll)* 
isi-OH 
<Eq-ni-C-/ + HHOzJt<^0iC-C* 2 
0 .4 0 




,N-NOz y/i -N H? 
+ tfa(Hg) 
)5 & 0 
The hydrazone was reacted with mercuric oxide at I380 to 
give 1,1,2,2-tetraphenylethene. 1,2,2,2-Tetraphenyldiazo-
ethane is most likely the initial product formed by oxida­
tion of the hydrazone. However, at the high reaction temp­
erature it loses nitrogen giving a carbene intermediate. 
This then rearranges with migration of a phenyl group to form 







THE REARRANGEMENT OF TRIARYLACETONITRILE OXIDES 
The study of the rearrangement of nitrile oxides to iso-
cyanates was carried out using triphenylacetonitrile oxide. 
The substituted compounds, ̂ -methyl-, j>-methoxy-, jo-chloro-, 
j)-trifluoromethylT and m-chloro-triphenylacetonitrile oxide 
were also synthesized and their rates of rearrangement stud­
ied. 
The Rearrangement Reaction of Triphenylacetonitrile Oxides 
In order to determine the kinetics of the rearrangement 
reaction, some method of analysis had to be devised. Such 
ah ideal analytical method should (1) be much swifter than 
the reaction of interest, (2) yield an accurate analysis, 
and (3) not disturb the reaction. The method used should 
also depend upon the phase (gaseous, liquid, or solid) and 
the nature of the reactants, intermediates, and products. 
A reaction may be followed by a chemical reaction. Or the 
increase in conductivity may be measured to give an indirect 
indication of product formation. Other properties in which 
changes are used to follow the disappearance of reactants 
and/or the formation of products are the followingi 
a) Light adsorption 
b) Optical rotation 
c) Density 
d) Refractive index 
e) Pressure 
f) Nuclear magnetic resonance absorption 
g) PH 
h) Volume 
A check of the properties of the compounds being studied 
immediately eliminated some of the possible methods. For 
example, no chemical reaction was found which would give an 
accurate stoichiometric result. The compound was checked, 
but no usable correlation between concentration and U.V. ab­
sorption was found that was unique to either the compound 
or its product. Of the possible methods, the most obvious 
one was to use infra-red absorption spectroscopy since a 
# 
suitable absorption peak was available which decreased in 
size in proportion to the change in concentration of the 
reactant. 
Quantitative infrared analysis is based on the Beer-
Lambert law that states that the amount of mono-chromatic 
light absorbed is proportional to the concentration of 
absorbing molecules and the thickness of the sample. The 
reprodurability and accuracy of infrared quantitative anal­
yses depend on the type of instrument used, the way it is 
used, the spectral characteristics of the sample, and the 
general analytical techniques used. Under favorable condi­
tions, reproducability and accuracies with double-beam, 
optical-null instruments is close to 1% but may be as poor 
as 2 or 2% because of nonlinearity in the optical wedge. 
The Beer-Lambert law is expressed mathematically as 
log A/A^ = — bC where the concentration C of the solution 
is expressed in moles per liter; is the molar absorptivity 
2k 
(molar extinction coefficient) and is a constant character­
istic of absorbing substance and of the particular wave­
length of light used. The cell width b is expressed in 
centimeters and is essentially constant in this experimental 
work. Thus log A/Aq is seen to be directly proportional to 
concentration. If log A/Aq is plotted against concentration 
for a solution which obeys the Beer-Lambert law, a straight 
line results whose slope is -£0. 
A study of the IR spectra of triphenylacetonitrile oxide 
showed that there were two relatively intense absorption 
peaks as possibilities. But one of these, the C=N triple-
bond stretching absorption band (2280 cm"1),. overlaps with 
the developing -N=C=D asymmetrical stretching band (2250 cm"1) 
found in triphenylmethylisocyanate (see Figs. 1-3) and there­
fore could not be used. However, the absorption peak due 
to the -N-0 stretching frequency is not interfered with by 
product absorption and was shown to obey Beer's law. It 
occurs at 130? cm"1. 
Fig. k shows that for triphenylacetonitrile oxide the 
absorbance of the 130? cm 1 peak and concentration vary 
linearly in accord with the Beer-Lambert law. 
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The study of the rate of thermal rearrangement of tri-
phenylacetonitrile oxides in CCl^ showed that the reaction 
was first-order. One of the methods used to determine the 
order of the reaction was by the differential method.30 
One considers the rate expression in the form -d[A]/dt= k[A]n 
and taking the logarithm of both sides, obtains log (-d[A]/dt) 
log k + n log [AJ. The method required the estimation of the 
initial slope of the plot of concentration against time for 
a set of reactions in which the concentration of only one 
species has been varied. A plot of the logs of the initial 
slopes, ie, log {—d£A3/dt), against the log £a3 where A is 
the concentration of A at time zero gives a line of slope n 
which is the order with respect to that reactant. 
The thermal (l4l°C) rearrangement reaction of the tri-
phenylacetonitrile oxide was run at three different concen­
trations and the plots of concentration against time were 
obtained to determine the initial slopes. The graphs are 
shown on pages 30-32. 
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From these graphs the logs of the initial slopes were 
obtained. 
TABLE 5 
Calculated Values of Logs of Initial Slopes 
and logs of the Initial Concentrations 
of Triphenylacetonitrile oxide (141°) 








* . -5.66 
.2053 -.688 : 
;.1590 -.799 
.ao^o . . -.983. 
—1 1 
A plot of the logs of the initial slopes (log -d[c]/dt 
vs- lo£ [c] (see Table 5) gave a line with a slope of 1.0 








Plot of the logs of the Initial Slopes 
-vs- the logs of the Concentrations 
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Another method of determining the order of the reaction 
with respect to each component is to test the experimental 
data with the.integrated forms of the rate expressions and 
then see which will give a constant value of the rate constant 
within a given run and between runs having different initial 
concentrations of reactants. 
This was done using the concentration-value changes 
against time for the reaction which was run at l4l°C. An 
attempt was made to run the reaction over a number of half-
lives plus an infinity point.  At about seven half-lives, 
the absorption peak levelled off and no detectable change 
occurred beyond that point indicating that this was a very 
good approximation of the infinity point.  A check of the k. 's 
assuming first and second-order rates showed that agreement 
with first-order kinetics is definitely best (Tables 6 and 7). 
It  will be recalled that the rate of a first-order reaction 
is proportional to the concentration of just one reactant. 
Representing the rate of decrease of the concentration of reactant 
A as -d(A)/dt,  the equation for the reaction is then 
-d(A)/dt = kj.(A) or in i ts integrated 
form, 2.303 log(A)o/(A) = 
For most second-rate reactions, the rate is proportional to the 
product of two concentrations (A) and(B). The defining equation 
is then -d(A)/dt = k2(A)(B) or the integrated form 
is 2.303 l/(B)o- (A)o  log(A)0(B)/(BJo(A) = k£t  
where (A)Qand (B)0  are the concentrations of the reagents at the 
beginning of the reaction-^. 
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TABLE 6 
RATE CONSTANTS OP TRIPKENYLACETONITRILE OXIDE 
AT 11*1°C ASSUMING FIRST-ORDER RATE-
Sample Time (sec) C (Mole/1) log CQ/C 
k 
2.3 log C0/C/t 
A 0 .2053 • • • • • 
B 1100 .2007 .0098 20.1*9 x 10~6 
C 1800 .1979 .0159 20.78 x 10"6 
D 2700 .191*7 .0230 19.59 x 10"6 
E U5oo .1869 .01*06 20.85 x 10"6 
F 35ooo .0962 .3291* 21.61* x 10"6 
G 73200 .01*51* .6555 20.59 x 10~6 
H 96100 .0287 .851*9 20.1*6 x 10"6 
I 173000 .0059 1.51*2 20.50 x 10*6 
J 259200 .0052 . .  • « « 
Mean k = 20.61 x 10~6 aec""^ 
Deviation, av. = 0.36 x 10"^ sec"^ 
% Dav# - 1.75# 
tig = 0.693/20.61 x 10"6 
«= 3-363 x 10^ sec. 
Another possibility is the situation where the rate of 
a second-order reaction is proportional to the square of the 
concentration of a single reagent. The equation is then 
-d(A)/dt = k(A)2 or the integrated form is 
1/A - 1/A0 = tt. In this study the assumption was made that 




RATE CONSTANTS OF TRIPHENYLACETONITRILE OXIDE 
AT l4l°C ASSUMING SECOND-ORDER RATE 
Sample Time 
(Sec) 
C(Mole/1) 1/C ' i/c-i/c0 KfM/l^sec'1) 
(i/c/c0/t) 
A 0 .2053 4.87x10° •  e  I K  
B .1100 .2007 4.98x10° l.lOxlO"1 1 . 00x10"** 
C 1800 .1979 5-05x10° 1.80X10**1 1.00x10"** 
D 2700 .1947 5.14x10° 2.70X10"1 1.00x10"** 
E 4500 .1869 5.35x10° 4.80X10"1 1.07x10"** 
F 35000 .0962 1.04X1Q1 5.52x10° 1.57x10"** 
G 73200 .0454 2.2QX101 1.72X101 2.34x10"** 
H 96100 .0287 3.48X101 3.00X101 3.12x10"** 
I 173000 .0059 1.70xl02 1.65xl02 9.51x10"** 
J 259200 .0052 3.26x10** 3.26x10** • • • 
The evaluation of the constants in an equation is best 
accomplished by the method of least squares. Consider the 
linear equation, y - mx + b. The method of least squares 
has the advantage of giving a unique set of values for the 
constants m and b. and the'values of y calculated by using 
the constants determined by this method are the most prob­
able values of the observations, it being assumed that the 
residuals follow the Gaussian law of error. The principle 
of least squares asserts that the best representative curve 
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is that for Which the sum of the square of the residuals, 
is a minimum. In the equation, y - mx + b .  
n 
s  =iii Uim +  b  *" yi )2  
A linear least squares computer program for determining 
first order rate constants was provided by Professor L. Fried-
rich of the University of Rochester. The calculations were 
done on an IBM 360 computer at the University of Rochester 
for which this author expresses his thanks. 
The following (Table 8) is a comparison of R's deter­
mined by the graphical method, and the computer program cal­
culated k's (calculated by the least-squares method). 
TABLE 8 
EXPERIMENTALLY DETERMINED FIRST ORDER RATE CONSTANTS 
FOR THE REARRANGEMENT OF TRIPHENYLACETONITRILE OXIDE 







117° (390°K) 10.*f8xl0~6  9.865X10~6  1.808x10"^ 
141° (4l^°K) 20.50xl0"6  21.88 xlO"6  o.35too"6 
155° (428°K) 26.02x10 31«6J xl0~^ 2.190xl0"6  
171° (k-kk°K) 27.31xl0"6 37.^1 xl0~6  2.428xl0"6  
190° (463°K) 59.^2xl0"6  7^-32 xl0~6  21.09 xl0~6  
« . 39 
As can be seen, the agreement yj-th the rate constants 
(k's) that were determined graphically, and the k's that 
were computer calculated agree within the limits of the stan­
dard deviations. The standard deviations, however, which 
were determined from the least square method calculations 
vary widely. The standard deviations come from a statisti­
cal error analysis and depend upon the accuracy of the mea­
surements. The standard deviations in k are calculated by 
the following equationi 
i*. 
S.D. = £l. (M)2/D.P. ]* 
TheAk's are the differences between .the least-square-
determined k and the Individual k's. D.F. (degrees of free­
dom) is the number of ineasurements beyond the minimum neces­
sary to determine the variable. In the program used, there 
are three variables, the zero point, infinity point, and the 
constant, k. Therefore, for six measurements (which 
the number of samples used for all of the k—values except 
for the one at l4l°c), D.F. = 6-3 = 3* The k-value for the 
temperature, 141°, was run over a much longer time span, 
and had ten points to use in the calculations and•therefore 
gave a much smaller, standard deviation. 
• jf-
A„H' » the standard enthalpy change for the formation 
of the activated complex from the reactant may be determined 
using the Eyring equation (k= e ) from the measure­
ments of k at several temperatures, on the aestiap-
I tion that a H* and AS* are independent of temperature. By 
| plotting the log k against the reciprocal temperature, from 
the relationship, 
i 2.303 log k =-AH*/R (1/T ) + AS^R + 2.303 log KT/ta 
i the slope of the line is-AH*/2.3 H. Using the k values that 
| were obtained by running this reaction at several tempera-
| tures, a slope of -1,895 x 10 ̂  was obtained, (see Pig.9). 
J The heat *of activation, AH* » as it was determined 
from the slope of the line is 
AH* = 8,66 kcal/mole. 
The value was checked by the use of a "least squares" com­
puter program using the same Eyring equation. This program 
assumed that the error in the k's was proportional»to the 
magnitude of each k (ie. constant % error). The following 
value was obtained* 
A H '= 8.704 ± 0.914 kcal/mol^- -
Also,AH* was determined by giving relative "weights" to 
the constants at the various temperatures according to the 
standard deviation errors of the individual k*s. 
A Hcorr. = 6*61? kcal/mole ± 0.8?1 kcal/mole 
The standard entropy change for the formation of the 
activated complex was next determined. Using the transition-
state theory# it is possible to obtain the free energy of 
activation using the Eyring equation, 
k - KT/h e~ ̂  /RT 
gjr. 9 
^1 
Plot of -log > vs. l/T 
(Oata fro:n ths Graphical ?'«thod) 
>f (x/o*) -/t^ hr 
f. ro 
2-3 4 ' </.S8 
jZ- A S~ 
4.2 3 
*X - Z3 ... 2.1 
1/T C K) (x 10 3) 
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where 
F* = Transition-state free energy 
k = Rate Constant for the reaction 
K = Boltzmann constant, 1.3804 x 10 l 6/erg mol -«K 
T = Temperature (°K) 
h -  Planck's constant 6.6252 x 10~2^ erg-sec. 
R = Gas constant, I .9872 cal/mol -  °K 
the rearranged equation becomes 
A F*.= 2.3 RT log KT/H -  2 . 3  RT log k 
From this relationship the two quantities AF*and Ah* are 
related as follows* AP* = AH* -  T A S* 
A S* = ( AH* -  AF*)/T 
Thus, the standard entropy change for the formation of the 
activated complex is (see Table 9) 
AS* = -59*3 cal/mol 
AS* = -64.54 cal/mol ± 2.09 cal/mol -  ®K (Std. dev.) 
4 3 
TABLE 9 
Thermodynamic Values for Triphenylacetonitrile oxide 
at Various Temperatures* 
T ( °K) k (sec""1) A H* 
(kcal/mol) A F *  (kcal/mol 
A S* 
(cal/mol -eK) 
^90 9.865xlO~6 8.66 31.96 -59.7 
4l4 21.88x1 CT6 8.66 33-34 -59.6 
428 31.63xlO~6 8.66 33.34 -57.6 
444 37.41X10"6 8.66 35-37 -60.I 
463 74.32xlO"6 | 8.66 36.26 -59.6 
Mean = -59-3 cal/mol 
*The values obtained are based on the use of the "unweighted" 
AH* listed. Using the "weighted" A H* the AS* is -64.54 
cal/mol. 
The Rearrangement Bates of Several 
Substituted Triphenylacetonitrile oxides 
The much greater apparent instability of the highly 
substituted compounds, which led to this study, suggested 
that the m- and p-substituted groups altered the reactivity 
of triphenylacetylnitrile oxide in some way. Therefore, the 
final phase of the study was the investigation of the effect 
of such groups on the rate of rearrangement of the molecule. 
The synthesis of five mono-substituted compounds was 
attempted: _|>-methyl-» js-methoxy, m.- and £-chloro-, and 
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£-trifluoromethyltriphenylacetonitrile oxide. The above 
substituents provide a range of electron-donation and with­
drawal environments, and make it possible to examine their 
effect on the reaction. Resonance as well as the inductive 
effect are involved, especially when the substituent is 
located in the imposition. 
All of these compounds, except for £-trifluoromethyl-
triphenylacetonitrile oxide were readily snythesized. IB 
spectral evidence which was obtained before the compound 
was isolated-in the form of the two nitrile oxide absorp­
tion peaks fie, 2250 cm * and 130? cm"*^)-supported the 
fact that the trifluoromethyl compound was produced but 
was much more reactive than the other compounds and rear"" 
rangement occurred too rapidly to make its isolation pos­
sible. Another problem appeared when attempts were made 
to get the compounds purified in the crystalline for*. 
The steps required to recrystallfze them caused the com­
pounds to begin rearranging. Only one of them was isola­
ted in its crystalline* for®, £-chlorotriphenylaoetonitrlle- f 
oxide, and it's purity as indicated by the melting point 
was not sufficiently pure for elemental analysis to be made. 
Examples of the IR spectral adsorption diagrams are 
given in Pigs. 10-12. Each'diagram is actually a composite 
of the IR spectra of the rearranging compound for the wave 
length range of 1400-1250 cm~^ at the various time intervals 
5̂ 
indicated. The absorption peak that was followed occurs 
at 130? cm and is identified in the diagram by the arrows. 
The spectrum for m-chlorotriphenylacetonitrile oxide (Fig. 
No. 12) was complicated by the presence of a partially over­
lapping peak making it more difficult to follow. No change 
in the spectrum for js-trifluoromethylphenyl-dipherjylaceto-
nitrile oxide occurred indicating that either the reaction 
rate was so rapid that rearrangement had occurred before 
the first sample could be analyzed or that an overlapping 
peak masked the peak that was being followed. 
The values obtained were plotted (Figs. No. 13-15) and 
the experimental k's and the half-life values determined 
from the data (Tables 10-12). The reaction was run until 
the spectral evidence indicated that most of the original 
material had rearranged. By this means, the rate constants 
were determined and half-lives of the compounds calculated. 
The data were also evaluated by the computer (least-
squares method). The values differ because the zero and 
infinity points were estimated and the computer optimized 
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A log AO/A 2.303/t log AO/A 
0 .133 
1800 .118 .05197 6.6^9 x 10"5 
2?00 .114- .06695 5-711 x IO-5 
3600 .109 . 0864 5.530 x 10"5 
5^00 .093 .1554 6.623 x 10-5 
7200 .086 .1892 6.082 x 10"5 
Av. 6.119 x 10" 




*^/6.119 x 10-5 gee**1 
= 11,280 sec. 
Jo-Methoxytriphenylacetonitrile oxide 
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lo 3.0 #0 




(sec . )  A log AO/A 2.3°3/t log Ao/A 
0 .94 
900 .89 .0223 5 .707  x  10 - 5  
1800 .85 .0458 5.875 x 10"-5 
36OO . 78  .0810 5.184 x 10**5 





 .2622 4.191 x 10~5 
57600 .034 1.442 5.534 x 10*"-5 
Av .  5 .154  x  10 " 5 ±»56 l  sec " 1  
» 
^ D av, = 12.1# 
Xi = *69/5.154 x 10"5 sec"*1 
— 13 .380  sec .  
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TABLE 13 
Computer Calculated Rate Constants and Half-Lifes 
of the Substituted Triphenylacetylnitrile oxides (155°C) 
| Compound . Rate Constant 
(sec ) Stand. Dev. (sec-1) 
tj(sec) 
p-Me^C-C=N-0 2.06 x 10*4 1.22 x 10~4 3.359 
p-Cljef^C-CsN-O 4. 70 x lO**5 4.98 x 1<T5 14,738 
p-MeO-^C-CsN-O 3.84 x 10"5 2.59 x 10"6 18,057 
^C-CsN-0 3.16 x 1Q~-' 2.19 x 10"-5 21,910 
The following observations can be imrodediately recog­
nized. All of the substituted compounds except the ^-methyl 
compound, had (within the limits of experimental error) essen­
tially the same k-value. jo-Methyltriphenylacetonitrile oxide 
appears to be slightly faster than the unsubstituted compound. 
This means, that, regardless of the character of the substit-
uent group, the presence of groups on the phenyl ring had no 
effect or only slightly increased the rate of rearrangement. 
A comparison of the half-life or rates of reaction of the 
para-substituted compounds indicates the following 'order of 
reaction! 
Trifluoromethyl^ methyl } chloro ~ methoxy ^ hydrogen. 
Discussion 
The thermal decomposition of triarylmethylnitrile oxides 
follows good first order kinetics, suggesting that the rate-
determining step is some unimolecular reaction of the nitrile-
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oxide. The entropy of activation, however, is exceptionally 
low (-59.6 cal/mole- ®K) for a unimolecular reaction. There­
fore, any mechanism that is chosen must attempt to account for 
this phenomenon. 
In principle, the rearrangement of triphenylmethylnitrile 
oxide to triphenylmethylisocyanate, following first-order 
kinetics, might involve one of the following rate control­
ling processes} (a) heterolytic dissociation of the C-CNO, 
(b) homolytic dissociation of the same bond or (c) some sort 
of concerted rearrangement of the molecule. 
Equations (1) and (2) describe the two possible hetero­
lytic dissociations of the C-CNO bond. The rate controlling 
process described by eq. (1) is the most likely of the two. 
(Eq.l) 
J^C-Cstf-0 vjZ^C"1" + :C*N-5 
(Eq. 2) 
J2^C-C= $-5 *>0jCs~ + CsN-0+ 
The fulminate anion has been observed and reported.  ̂  
Salts of the fulminate anion as well as the acid, fulminic 
acid are known to exist. Fulminic acid is of uncertain 
tautomeric structurei H-C*it-0» or s However, de­
rivatives in which a substituent is attached to the oxygen 
have never been made, and, therefore, the first structure is 
preferred. The fulminate anion can be represented by reson­
ance structures as follows: 
_ ^ 
:CEW-O; ^ > :C_/V-O:~ < • ~-:C-TF=0* +—V $=FI/=6: 
Also, triarylmethyl carbonium ions show considerable stabil­
ity. The triarylmethylhalides in polar solvents such as 
liquid SC>2 are partially ionized to ion pairs, and the ion 
pairs, are, at moderate concentrations, partially dissoci­
ated to ions. Ionization, as may be expected, is favored 
by js-alkyl and jo-phenyl groups on the benzene rings and Is 
hampered by the chloro groups. The _£-methoxy derivativeJ 
appears to be completely ionized in S02 at 0°C. ̂  Thus, if 
^C-C=N-0 > 0^Q . + iC=N~0 is the rearrangement involved 
as the rate determining step, the £-methoxy substituent 
should tremendously accelerate the reaction. Such, however, 
was not the case. Rather, the presence of either electron 
withdrawing or electron donating substituents on the aromatic 
ring accelerated the reaction, but only to a small extent. 
Heterolytic dissociation involving the formation of a 
carbanion in another possibility (Eq. 2). This possibility 
is much less attractive. There appears to be no analogy for 
the formation of a CN0+ ion. Also, the effect of eubstitu-
ents on the triphenylmethyl group is not what would be expected 
for a triphenylmethyl carbanion. Electron withdrawing sub-
stituents would be expected to greatly accelerate and electron 
donating to retard the carbanion formation (Eq. 2). in fact, 
however, there is little effect upon substitution with the 
electron donating ̂ -methyl actually slightly accelerating the 
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reaction. 
The large negative entropy of activation value 
(A S*-59»6 cal/mol - °K) for the thermal decomposition might 
be interpreted as being consistent with a rate-determining 
heterolytic dissociation. Reactions of the type, 
R-X >• R+ + JX~ , generally have entropies of activation 
of the order of -20 e.u. in a polar solution such as 90% 
aqueous dioxane. The carbon tetrachloride solvent used in 
this study, however, is non-polar and therefore the expected 
value for a heterolytic dissociation under these conditions 
should be less negative than -20 e.u. Both the effect of 
* substituents on the reaction and the observed AS -59«o e.u. 
strongly argue against primary heterolytic dissociations 
(Eq. 1 or 2). 
Another possible reaction mechanism that needs to be con­
sidered involves the initial homolytic dissociation of the 
C-CNO bond (Eq. 3). 
(Eq* 3) 
JS^C-CsN-O + . C=N-0 
An interesting study was made by Bartlett and Hiatt 
which is relevant to the unusual entropy values that were 
obtained in this work and may give a clue to the reaction. 
The decomposition kinetics of numerous t-butyl peresters 
were studied and it was found that the reaction for most of 
the compounds proceeds by a concerted two-bond cleavage 
into a pair of free radicals and a molecule of carbon 
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dioxide. The compounds, t-butylperoxyacetate (ay) and 
~ butylperox^benzoate (C6H5-), however, undergo step-wise 
cleavage; first a molecule of oxygen, and then, carbon di­
oxide is emitted. The rate of decomposition of perester (Eq.4) 
(Eq.4) 
P 
R a - o  o - c ( CH 3;3 —J. F?+co2+ -OC(CH3)3 -
depends on the stability of the radical, R-. as oan be seen 
in the comparisons belowj 
TABLE 14 
Decomposition Rates of Peresters RCOOOC(CH^)^2'2a 
(Solvent* chlorobenzene except'where noted) 
j ~ Half-life at 60°, min. AH* 
(kcal) As* Cal/<>K 
C'Hj- I 5. x 10*"5 38.0 17. 
c6h5~ 3. x lCT4 33-5 7.8* 
^CH2- 1700. 28.? 3.9 
(CH3)3C- 300. 30.6 13. 
0zCH- 26. 24.3 -1.0 
0(CH3)2C- 12. 26.1 5.8 
02CH3C - 6. % 24.7 3-3 
— 24.1 4.9 
*p-chlorotoluene solvent 
In the series, R = ay, ffcJL,-, 02CH-, note that there 
is an acceleration covering a range of more than 10~4 and 
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associated with a total drop in activation enthalpy of 
13.7 kcal/mol. Similarly in the series R = (CH3)3°-' 
0{CHJ)2C-, 02(CKJ)C-r there is a smaller but progressive 
acceleration covering a 50-fold range of rate and a 2.9 
kcal span in A H*. These regularities indicate a concerted 
decomposition in which the resonance energy of the radical 
series contributes substantially to lowering the energy level 
of the transition state. 
Also, note that there is a parallel drop in the enthalpy-
entropy values. Such a decrease in the values of the entropies 
of activation indicates that the molecules are more restricted 
in geometry in the transition state than they are in the start­
ing material. In this case, there is a partially developed 
resonance in the transition state as dissociation occurs. This 
is responsible for a lowering of the energy barrier to reaction, 
but this resonance occurs at the price of rotational freedom 
of the phenyl groups. 
TX £ 6 
0...C<s • o§2-.Jg>>-"O\>0 ' 
0<J Q---0 V 
Bartlett and Hiatt have assigned a number from 0 to 
3 corresponding to the number of bonds which may rotate freely 
in the starting material of each of the materials he studied 
but which must be in a particular conformation at the transi­
tion state (Table 14), There is then a direct correlation 
between the amount of lowering realized in the enthalpy of 
58 activation (t-butylperacetate taken as the standard), 
the number of bonds whose rotation is restricted in 
the transition state and the lowering of the entropy 
of activation consequent upon this restriction. 
TABLE I** 
Correlation Study of the Relationship 
of Entropy and Enthalpy of Activation to the 
Number of Restricted Bonds in the Molecule2  
No. of bonds 
3 2 1 0 HO 
/o 
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<2 
-5* 
- / o  
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Lorand and Bartlett reported in a later article on 
the kinetics and activation parameters of t-butyltriphenyl-
peracetate, a compound which decomposes to the triphenyl-
methyl radical. The rate of decomposition of the triphenyl 
compound was found to present a straight-forward extrapola­
tion of the behavior of the less highly substituted perace-
tates. The following chart gives the relative rates of 
several per esters at 25°. 
TABLE 16 
RELATIVE RATES OF DECOMPOSITION 
OF SEVERAL PERESTERS 
R- in 





CH^- ! 2.1 x 10"11 1.0 39* 20. 
0CH2- 6 . 3  x 10~8 3.0 x 10
3 27.9 2.0 
02CH~ 3-7 x 10~6 1.8 x 105 25.0 0 . 5  
0^ 1.7 x 10"4 8.1 x 106 24.1 4.9 
In line with what was observed for the other compounds, the 
a  i 1  AH . for the perester shows a decline from monophenyl- to 
triphenyl p'eracetate. However, the value of AS* has a mini­
mum at the diphenylperacetate and rises again for the tri-
phenylperacetate. Thus, the triphenylmethyl radical rever­
ses the trend seen for the others and has a higher entropy 
of activation value than expected. The authors suggest 
that the triphenyl compound has appreciable steric restric-
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tions on its phenyl groups. This crowding is partially re­
lieved at the transition state for decomposition with a re­
sulting positive contribution to A S*. It should be noted, 
however, that the£3*for this compound is still about 15 e.u. 
less than that for ̂ t—butyl peracetate. 
Assuming that the triarylacetonitrile oxide rearrange­
ment involves such a free-radical intermediate, a negative 
entropy value can be justified. The triarylacetonitrile 
oxides contain three bonds in the transition state whose 
rotations are restricted, thus lowering the entropy of activ­
ation. (Eq.l)t 
(Eq.l) 
In the perester decomposition, a compensating entropy 
factor working in the opposite direction is found. Three 
particles are being formed in the transition state. This 
would work to increase the entropy value. The triarylaceto­
nitrile oxides, on the other hand, cleave to form only two 
particles. Even so, it seems unlikely that a radical dis­
sociation would give a A.S#value as negative as the -59.6 
e.u. obtained. 
The substituent effect of the triarylacetonitrile oxides, 
also, is consistent with a free-radical mechanism. Sargent and 
17 18a 2 5 
Shechter and others * point out that free radicals con­
taining para substituted groups have migratory aptitudes 
slightly greater then phenyl. 
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Since the reaction was run in the presence of oxygen 
(a radical scavenger) and the yield of isocyanate was still 
high, this would argue against a free radical mechanism. 
However, one cannot rule out the possibility that the radi­
cals developed; were shielded from the oxygen by a solvent 
cage, and reformed as the product before they could diffuse 
and react with the oxygen. 
Finally, the possibility of some sort of concerted 
rearrangement needs to be considered. This route is es­
pecially attractive since there are several reactions which 
have been shown to follow;such a mechanism. 
32 Several molecular rearrangement^ reactions occur in 
which the migrating R- or Ar- group moves to an electron-
deficient nitrogen. These are analogs of carbonium ion 
rearrangements. When the migrating R- group in Hofmann, 
or Curtius: rearrangements is asymmetric, the group migrates 
to an electron deficient nitrogen without loss of config­
uration. This indicates that the R- group never becomes 
free during the reaction, but rather that the bond between 
R- and the nitrogen is being formed at the same time that 
the bond between R— and the carbon is being broken so that 
the transient three-membered ring is formedi (Eq*2)t 
(Eq.2) 
Q . 




For such a mechanism to be feasible for the nitrile 
oxide compounds, it is necessary to postulate a migration 
of both the triphenylmethyl group and the oxygen. 
According to Gould32 (pp. 621-62*0, the Horftnann and 
Curtius reactions are accelerated by the presence of elec­
tron donating groups. 
op 
The Beckmann" rearrangement of ketoximes to amides 
provides another example of such a mechanism. The rate-
determining step is the heterolysis of the N-0 bond. At 
present, it is not known whether the breakage of the N-0 
bond and the shift of the alkyl (or aryl) group are con­
certed, but if the two acts are separated by an interval 
of time, the interval is very short. For, it has been es­
tablished that the migrating group in this rearrangement 
approaches the nitrogen atom from the side opposite to the 
departing oxygen atom. The evidence thus suggests the fol­
lowing structure as an activated complex (or a high-energy 




"H* > R'-C-NH-R C;=;N 
LR' %ohz J o 
A concerted reaction involving triphenylacet nitrile 
oxide might therefore, proceed by the following mechanism (Eq.*f)t 
(Eq.4) 
0|C-Csfj-0 —* 0 * 0"JC—N'C-0 
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Such a restricted activated intermediate, where there 
is no dissociation involved, can yield a highly negative 
it 
AS , especially if there is a good deal of free-radical 
character in the activated state. 
The presence of radical character in the transition 
step would also account for the substituent effect. The 
substituted compounds react at about the same speed, or 
slightly faster than, the unsubstituted compound, which 
is consistent with what is found to occur with such reac-
Another mechanism that is possible is a variation of 
the concerted process just discussed. 
+ _ A & I 
03 J 
o 
Instead of the reaction occurring as a concerted -process, 
the compound rearranges in two steps, -a first rapid step, 
and the second, rate limiting step. Such .a mechanism should 
show the same effects as the other since they involve the 
same activated intermediate. 
-Of the possibilities which have been-discussed, the 
concerted mechanism seems most attractive. The highly nega­
tive entropy of activation value indicates a highly ordered 
structure with restriction of rotation of the benzene rings, 
which is true of the intermediate proposed by this mechanism. 
The molecule is even more highly, constrained by the concerted 
(or nearly simultaneous) shift of the oxygen and alkyl groups. 
CHAPTER FOUR 
THE ATTEMPTED SYNTHESIS OF SUBSTITUTED 
TETRAPHENYLDIAZOETHANES 
The project began as an attempt to synthesize a series 
of substituted tetraphenyldiazoethanes in order to determine 
the migration aptitudes of the various substituted phenyls 
to carbene centers with varying degrees of electron density. 
The synthetic procedure adopted for the attempted syn­
thesis of substituted tetraphenyldiazoethane was that worked 
out by Weyland22 for the unsubstituted a,0,p,p- tetraphenyl­
diazoethane. 
The resulting compound was unstable under conditions which 
he used to generate, it and decomposed spontaneously. 
For example, eyidence from known diazo compounds indic­
ates that the first step that occurs when such compounds are 
heated or exposed to ultraviolet light is the separation of 
a molecule of and the formation of a short-lived, electron-
deficient carbene, which can either be present in the singlet 
or triplet state. Diazo compounds are also highly sensitive 
to acids. Protonating the carbon of a diazo compound gives 
a transient diazonium ion. The diazonium ion then may, 
first, decompose to a carbonium ion before reacting with 
nucleophiles* or may undergo bimolecular displacement, de-
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pending on i ts structure and the conditions. (P.A. Smith, 
Vol. 2, p.229)2 6  (Eq.l)1 
(Eq.l) 
* 
R-C-H R CH--N 2  >[R•  CH 2 j •A i - .RCH 
The realization of the synthesis of different diazo 
compounds would allow the determination of the relative mig­
ratory aptitude of Ar and Ar* to the adjacent carbene cen­
ter generated by thermal loss of nitrogen. 
Ar yN 
A v - C - <  
Av Ar 
By varying Ar", i t  would be possible to see how the rela­
tive migratory aptitude of Ar and Ar* changes as a function 
of Ar". 
The following general synthetic route utilizes Wie-
land's approach to the unstable oc, &, £, p-tetraphenyldiazo-
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> C-C + c-c  
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The rearranged products could then be identified by oxid­
izing them to the ketones and determining the relative 
amounts of the fragments obtained. One of the analytical 
methods proposed for the separation and determination of 
the amounts of the various ketones was the use of gas 
chromatography. (Eq.3)» 
(Eq.3) 
A/ Ar Ar Ar \ / \ / C-C 4- C=C 
Ar Ar" Ar . Ar 
0 0 0 O 
ll s M " il / ̂  * 
•* A r-c-Ar-4-Ar C Ar 4-Ar-C Ar 4-Ar C*Ar 
// 
The production of compounds having various combina­
tions rn- and j>- substituted groups at the Ar, Ar', and Ar'* 
positions was attempted. It was decided that if one of 
these groups had an electron-donating substituent, and ano-
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ther. an electron-withdrawing substituent, a maximum vari­
ation in migrating abilities should be observed, bis-m-
Trifluoromethylphenyl-£-methoxyphenyl-carbinol and bis-£-
methoxyphenyl-m-trifluoromethylphenylcarbinol were chosen 
as the desired substituted triarylcarbinols. These compounds 
were synthesized. The reaction of m-trifluoromethylphenyl-
magnesxumbromide (Grignard reagent) with jd,£'-dimethoxybenzo-
phenone gave Ms-£-methoxy-m-trifluoromethylcarbinol (Eq.4), 
o 
^MgBr + CH30<^-C^J)OCH3 ->CH30-@-C-OH 
CF3 P 
bis-m-Trifluoromethylphenyl-^-methoxyphenylcarbinol was 
prepared by the reaction of m-Trifluoromethylphenylmagnes-
lumbromide (Grignard reagent) with methyl anisate (Eq.5)i 
° C H 3  
The substituted triphenylmethylchlorides were then synthes­
ized by refluxing the carbinols with acetylchloride. 
P 
(Z-0)jC-OH+ CH^C-CI >(Z-0)-5C-a 
68 
At first, great difficulty was encountered in getting 
the triphenylmethanols and triphenylmethylchlorides to 
crystallize. Finally these compounds were successfully ob­
tained in reasonably pure forms so that the next reaction 
could be attempted. The successful preparation of the nit-
rile oxides was much more difficult. 
Synthesis of the triarylacetonitrile oxides involved 
the use of fulminate of silver, a highly explosive material 
that required great care in handling. Silver fulminate is 
extremely sensitive to shock and is much more unstable when 
dry. Two explosions have occurred since the beginning of 
this project. In order to minimize the problem of shock, 
plastic ware was substituted for glass and metal. The solu­
tion was agitated using a magnetic stirring bar. One of 
the problems that had to be solved was how to change from 
the aqueous ethanolic solvent used in the preparation of 
silver fulminate to the anhydrous solvent needed for the 
fulminate to react with the triarylmethylchloride. This 
had to be done without allowing the silver fulminate to 
become too dry. The problem was solved by washing and fil­
tering the precipitate with a succession of solvents- absol­
ute ethanol, anhydrous ether, and anhydrous toluene- being 
careful not to allow the material to become too dry. 
Alternate routes to the nitrile oxides were investig­
ated which would be less hazardous. An attempt was made to 
oxidize triphenacetylnitrile by refluxing it with hydrogen 
peroxide. The material was refluxed three hours. But. 
instead of obtaining the desired nitrile oxide, the hy­
drogen peroxide hydrdlyzed the material to form the aceta-
mide (P.A.Smith Vol. I. p. 212)26 (Eq.6)i 
(Eq.6) 
0-0 H o 
R-C zN A*°2 > r-C=NH —^2 r.C-N/H2  -f- HfO z  
For a time, a literature search was made to locate 
a method which would by-pass the use of silver fulminate, 
but to no avail, it was then decided best to continue with 
the original route. 
The formation of the trisubstituted triarylacetonit-
rile oxide product was followed using the strong I.R. ab­
sorption peak for the nitrile oxide. Time after time the 
infra red spectrum indicated the presence of the nitrile 
oxide product, but every attempt to crystallize it from the 
impurities was futile. 
Studies were then conducted to explore the feasibility 
of separating these nitrile oxides from the impurities using 
column chromatography. Chromatography from a column of 
alumina using a range of eluting agents (pet ether to chlor­
oform) resulted in a number of materials, none of which 
was the desired substance. These materials were checked 
by means of the I.R. to determine the presence of the nit­
rile oxide. 
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Attempts were then made to obtain the nitrile oxide 
in the purified form, using preparative-iayer chromatography 
on both alumina and silica gel. This would involve less 
time and better control of the solvents. Again, several 
materials separated out. none of which was the desired 
nitrile oxide. 
Quite by chance, the source of the problem was discov­
ered. A routine check of the I.R. of a sample of the mater­
ial after several day's storage in the refrigerator showed 
that the nitrile oxide peak had decreased in size whereas a 
new peak was appearing at almost the same frequency (see 
Figs. 1-2). Obviously some reaction was occurring quite 
spontaneously and had been overlooked. 
A check of the literature of nitrile oxides of this 
type revealed that little work has been done in this area. 
However, a study that was made by Grundmann and Dean6 gave 
a summary of the, reactions of a number of stable aromatic 
nitrile oxides. One of the reactions described was that of 
the thermal rearrangement of substituted benzonitrile oxides 
to the arylisccyanates. 
A qualitative check (using the infra-red spectraphoto-
meter) of the rate at which the compounds, bis-j>-raethoxy-
phenyl-m-trifluoromethylphenylacetonitrile oxide and bis-
jm-trifluoromethyl-j)-methoxyphenylacetonitrile oxide rear­
ranged showed that they were very unstable. The materials 
were checked for purity using TLC methods and the spots (2) 
correspond to the Rf values for the unsubstituted triphenyl 
acetylnitrile oxide and triphenylmethylisocyanate. There­
fore, it was assumed that the impurity was none other .than 
the rearrangement product. Thus, the rate study that was 
made involved the unsubstituted triphenylacetonitrile oxide 
and several monosubstituted compounds. 
The initial project as it was conceived was impossible 
to complete because of the rearrangement and loss of the 
nitrile oxide which was needed to complete the synthetic 
sequence. Therefore, with little information available 
concerning the rearrangement reaction, it was necessary to 
study in depth this reaction before further progress could 
be made. 
Wieland*s synthetic route to the unstable a,3,0,3-
tetraphenyldiazoethane was successfully duplicated in this 
study. This means that triphenylacetonitrile oxide is suf­
ficiently stable to allow it to be used for the next step 
in the synthetic sequence. And, the kinetics study made 
on the compound verified that only at elevated tempera­
tures does this compound rearrange to the isocyanate pro­
duct. Some of the mono substituted triarylacetonitrile 
oxides also, were successfully isolated and may be stable 
enough to be used in the further synthetic steps. 




tonitrile oxide, appear to be too unstable to be used suc­
cessfully in this synthesis sequence. This may be due to 
the presence of impurities that could not be eliminated 
when the products failed to precipitate. A check was made 
to determine whether triphenylacetonitrile oxide rearrange­
ment was catalyzed by the presence of a small amount of mag­
nesium chloride. A sample of the material and magnesium 
chloride were refluxed in carbon tetrachloride and the rate 
compared with that of the reaction in the absence of the 
magnesium salt. No rate change occurred, and, therefore, 
the reaction is not catalyzed by the salt. 
The monosubstituted compounds, on the other hand (eg. 
£-methyl-, jD-methoxy-, jo-chloro-, triphenylacetonitrile 




The melting points of the compounds were taken on a 
Thomas-Hoover capillary melting point apparatus and are 
uncorrected. Infrared spectra were recorded on, (l)Per-
kin-Elmer Infracord, Model 137-B, for routine qualitative 
work, (2) the Perkin-Elraer, Model 137-G, and (3) Beckman IR 
10 coupled with an auxiliary recorder, the Sargent Recorder, 
for the quantitative work. Potassium bromide pellets or 
carbon tetrachloride solutions were used for the solid sam­
ples, and neat samples between silver chloride plates were 
used for liquids. The NMR spectra were obtained on a Var-
ian A-60 spectrometer*. Chemical shifts, relative to in­
ternal tetramethylsilane, are measured to the center of a 
singlet or multiplet. The rate studies were conducted on 
the Haake Constant Temperature Bath, Model FS. 
The chemicals used in the Grignard reactions were re­
distilled and dried. m-Bromobenzotrifluoride was puri­
fied by distillation (K and K laboratories, Inc.). 
£-Bromobenzotrifluoride was also redistilled before it was 
used {Peninsular Chemresearch, Inc.). Most of the rest of 
the chemicals used were from Eastman Organic Chemicals and 
were used without further purification. 
•The author expresses his thanks to Shell Chemical Company, 
Modesto, California and to Dr. A.T. Bottini, University of 
• * 
California, Davis, California for the' NMR spectra. 
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gig-P-Wethoxyphenyl-ro-tr^jjoromethvlphfinvlnp^^^i _ 
Magnesium ( 7 . 3  g, 0 . 3  g-atoms) and 6 3  g (0.28 mol) of m-
trifluoromethylbromobenzene in 150 ml of anhydrous ethyl 
ether were combined to form the corresponding Grignard re­
agent. To this 50 g (0.206 mol) of £,£-dimethoxybenzophen-
one in 100 ml of anhydrous ether was added and the mixture 
refluxed about three hours. The cooled material was then 
added to a mixture of 500 g of cracked ice end 20 ml of 
cone, sulfuric acid. The ether layer was separated, washed 
with water followed by 5$ sodium bicarbonate solution, steam 
distilled, dried with anhydrous magnesium sulfate, and the 
ether solvent removed by evaporation. The product was crys­
tallized with great difficulty, using a saturated solution 
of it in benzene and petroleum ether (30-60°). A yield of 
48.-55 g (60.7#) of the t>is-£-methoxyphenyl-in-trifluorometh-
ylcarbinol was obtained (mp 98—98.5° C). The infra—red 
spectrum (Fig-Al^ indicated the presence of the -OH group 
(3500 cm 1) . The NMR spectrum (Fig. A-l ) showed two sets 
of phenyl absorption bands, an unsymmetrical doublet at 
2.51 whose area was 3*8 and a quartet at 3»l4 whose rela­
tive area was 8.23. Two other bands are present, the meth-
oxy singlet at 6.31 (rel. area 6.05) and the hydroxy sing­
let at 7*32 (rel. area .908). This agrees well with the . 
calculated ratio of 4*8*6:1 for the compound. Anal. Calcd. 
for C22H1903F3, 
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C,68.0fot h, 4.93^1 0, 12.?*, P. lb.67%. Found* 
C, 68.5*, Hr 4.83*, Q, 12.02*, F, 14.65* 
Bis-p-Metho-xyphenyl-m-trlfluorQmethylphenylmethvlchlorlde.» 
To a solution of *8.55 g (0.125 mol) of biB-£-methoxyph<myl-
ni-trifluoromethylcarbinol in 50 ml of hot benzene, 29.43 g 
(0.375 mol) of acetylchloride was added, and the mixture 
refluxed for 0.5 hour. The solvent and unreacted acetyl-
chloride were removed by evaporation under a water pump vac­
uum (0.1 mm). Warm petroleum ether (30-60°) was added and 
the mixture set aside in a desiccator to allow crystalliza­
tion to occur. The impure product was then washed with pet­
roleum ether (30-60°), recrystallized with a minimum amount 
of hot benzene-pet ether, and dried in a vacuum desiccator. 
The yield of bis-j>-methoxyphenyl-m-trifluoromethylphenyl-
methylchloride was 44.3 g (.109 mol) (m.p. 99-102.5°). The 
infrared spectrum showed that the " --0H absorption-
band (3450 cm"1) was absent. Because of the instability of 
the compound and the difficulty to obtain the crystalline 
material, an elemental analysis was not attempted. 
Bis-m-Trifluoromethylphenvl-p-methoxyphenylcarbinol. -In a 
typical preparation, a Grignard reagent was prepared from 
12.15 g (0.5 g-atoms) of magnesium, 100 g (0.45 mol) of 
jn-trifluoromethyrbromobenzene, and 250 ml of anhydrous 
ethyl ether. To this 24.6 g (0.148 mol) of methyl anisate 
in 200 ml of dry benzene was added at such a rate that the 
mixture refluxed gently. After the reaction mixture was 
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refluxed for three hours, it was cooled and poured into a 
mixture of 500 g of cracked ice and 20 ml of conc. sulfuric 
acid. The organic layer was separated, washed, neutralized 
with 5% sodium bicarbonate solution, and steam distilled. 
After drying, the product was then redissolved in a minimum 
amount of benzene, and by adding sufficient petroleum ether 
(30-60°) at reflux to form a saturated solution (as indic­
ated by the disappearance of the cloudiness of the solution), 
the product crystallized after several days. A yield of 
57*3 g (90*8$) of bis-jn-trifluoromethylphenyl-jD-methoxy-
phenylcarbinol (mp 97-98°) was obtained. The infrared 
spectrum (Pig.A-12)showed an absorption band of medium in­
tensity at 3^50 cm"1. The NMR spectrum (Fig.A-2 ) showed 
two sets of phenyl absorption bands, an unsymmetrical doub­
let at 2.48 whose relative area was 7«9 and a quartet at 
3.14 whose relative area was 4.2. Two other absorption 
bands were noted, the methoxy singlet at 6.36 (rel. area 
2.9) and the hydroxy singlet at 6.76 (rel. area 0.89). 
This agrees quite well with the calculated ratio of 8*4*3il 
for the compound. Two attempts were made to obtain an elem­
ental analysis of the compound. However, the presence of 
slight amounts of impurities caused the results to be erron­
eous. 
Bis-m-Trifluoromethyiphenyl-p-methoxyphenylroethylchloride.-
To 50. g (0.117 mol) of bis-jn-trifluoromethylphenyl-^-metho-
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xyphenylcarbinol dissolved in a minimum amount of hot ben-
zene, 23*5 g (0.3 mol) of acetyl chloride was added drop-
wise and the mixture allowed to reflux for one-half hour, 
The solvent in the mixture was removed using the rotary evap­
orator and then high vacuum (0.1 mm). To the residue, a small 
amount of anhydrous petroleum ether (30-60°) was added, and 
the mixture set aside in a desiccator to allow crystalliza­
tion to occur. After several days, the crystalline product 
that formed was washed with petroleum ether (30-60°), recrys-
tallized with a minimum amount of benzene and pet ether (lilO), 
and dried in a vacuum desiccator. The yield of bis-m-tri-
fluoromethylphenyl-jj-methoxyphenylmethylchloride was 43.1 g 
(.09? mol, mp 99-101.5°C). The infrared spectrum (Fig. A-ll) 
indicated that the -OH absorption band (3450 cm"1) was absent. 
No attempt was made to obtain an analysis of this compound 
because of i ts reactivity. 
Silver Fulminate (AgCNO) was prepared by a modification of 
t he procedure given by Wieland and Rosenfeld2 2  in which 3.83 g 
(22.6 mmol) of silver nitrate was dissolved in an aqueous sol­
ution of HN03  (d = 1 .34,  60.7 ml HNO^ conc.,  14.3 ml H20). The 
cooled solution was then added by means of a dropping funnel 
into a 1000-rnl plastic beaker containing 112.5 ml. of 95# eth-
anol.* This was kept cold (20°) as the nitric acid was being 
added. Approximately two-thirds of this mixture was then 
transferred to another beaker and 
* I This reaction was carried out in a hood behind an explosion 
shield. 
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heated on a water bath until the temperature reached 85°C. 
It was heated at this temperature for approximately one 
hour when the material began to foam and brown N02 gas was 
emitted. The remaining cold solution was quickly poured 
in with the hot solution and the mixture transferred to the 
ice bath. The reaction was controlled by adding small por­
tions of 95% ethanol until the reaction was complete as 
evidenced by the cessation of foaming. 
The material was handled with great care from this 
point. Two explosions occurred in the process of our in-
vestigation, and indications pointed to the fault being 
caused by shock and the drying of the crystals. Thus, if 
care was taken to keep the silver fulminate crystals moist 
and they were handled as a slurry using plastic or wooden 
utensils, the material was safely handled. 
The solid was transferred to a plastic Buchner funnel 
where it was washed successively with distilled water, 95% 
ethanol, absolute ethanol, anhydrous diethyl ether, and 
anhydrous toluene. The slightly moist solid was quickly 
weighed (Buchner funnel, paper, etc.) and the material was 
transferred as a slurry in toluene to a 1000 ml plastic 
beaker equipped with a magnetic stirrer and containing 
100 ml anhydrous toluene, and 5*0 g of anhydrous magnesium 
sulfate (to remove any traces of water that might remain). 
The beaker was sealed with an air-tight cover (containing a 
nitrogen inlet and addition-funnel) and stirred in a nitro-
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gen atmosphere for one-half hour. The silver fulminate was 
then ready for the addition of the substituted triarylmethyl-
chloride reactants. 
Attempted Synthesis of Bis-(m-Trifluoromethylphenyl)-p-
Methoxyphenylacetonitrile oxide. -
A solution of 3*0 g (.007 mol) of bis(jm-trifluoromethyl-
phenyl)p-methoxyphenylmethylchloride in 50 ml of anhydrous 
toluene was slowly added to the silver fulminate slurry 
that had been previously prepared. The mixture was stirred 
overnight under a nitrogen atmosphere. 
The product was carefully filtered with a plastic 
Buchner funnel to remove the unreacted silver fulminate, 
silver chloride, and any other solids using toluene as a 
wash-solvent. The solids were then flushed down the drain 
using copious amounts of water to remove the danger of an 
explosion. The solvent was removed using (1) the rotary 
evaporator (the water bath at 60°C) and, (2) the high vac­
uum system (0.2-0.1 mm*). 
Several attempts were made to obtain the product in 
purified form. Infrared studies clearly showed the pres­
ence . of the nitrile oxide absorption peak (IR) but it 
proved impossible to eliminate some of the unreacted chlor­
ide which subsequently reverted back to the carbinol as 
evidenced by the presence of the 0-H stretching frequency 
absorption peak in the IR. 
Two attempts were made to separate the impurities from 
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the product using column chromatography. Sample runs were 
made using thin-layer chromatography and from these it was 
determined that, using a column of Alumina and a 50i50 mix­
ture of benzene and petroleum ether (30-60°C). it should be 
possible to separate the impurities from the product, A 
column was prepared and, on the second run 5*5 g of impure 
bis-jm-trifluoromethylphenyl-jj-methoxyphenylacetonitrile 
oxide was placed on the column, it became apparent on the 
first run that a series of solvents were needed, and by 
this method four components were separated, A check of the 
IR's revealed, however, that none of these contained the 
nitrile oxide (determined by the absence of the nitrile 
oxide absorption peak at 2280 cm"1 or 1307 cm-1). It is 
possible that either the column material, the alumina, re­
acted with the product or it dimerized to form an oxadia-
zole, a reaction which has been reported by other investi­
gators for less hindered nitrile oxides. A more likely 
explanation of this problem was subsequently discovered. 
Periodic examination of the IR spectrum of the impure com­
pound showed that the nitrile oxide, when it is not in the 
crystalline form, gradually rearranges to the isocyanate 
upon standing. A further attempt at purification of the 
compound was made using thick layer chromatography, but the 
results were the same. By the time the plate had been de­
veloped, the nitrile oxide had rearranged. 
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Triphenvlacetonitrile oxide. -8.6 g (O.O31 mol) of tri-
phenylmethylchloride in 50 ml. of toluene was added to the 
6.0 g(0.04 mol) of silver fulminate. The mixture was con­
tained in a covered plastic container, and stirred with a 
teflon covered magnetic bar. An anhydrous atmosphere and a 
temperature of about 5° was maintained. After stirring for 
an additional 0.5 hour, the yellow solution was allowed to 
stand overnight at room temperature. The light yellow sol­
ution was filtered and the solid washed with toluene. Evap­
oration under reduced pressure yielded a yellow semi-crys­
talline mass that was washed (triturated) with small por­
tions of ether yielding an off-white solid, 4.9 g, 
mp 148-150®. 
This material was recrystallized from a minimum amount 
of benzene. After filtration and washing with a small 
amount of cold benzene, 1.7 g of white crystalline solid 
was obtained, mp 152-153 (lit. mp 153-154°) 
The filtrate was evaporated to about one-fourth vol­
ume and a second crop of light yellow crystals was obtained. 
Yield- 1.9 g, mp 149-151-5°. Total yield: 3.6 g (.0126 
mol) (40.6$). 
P-Benzopinacolone oxime- A Grignard solution prepared from 
1-54 g (.0635 mol) of magnesium and 11.1 g (.065 mol) of 
bromobenzene was reacted with 3-0 g (.0105 mol) of triphen­
ylacetonitrile oxide. After refluxing the solution for an 
hour, a solid was formed. It was then decomposed with di^ 
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lute sulfuric acid, the ether solution washed with dilute 
NaOH, water, and then the solvent evaporated. The crude 
product crystallized. The oxime was recrystallized from 
glacial acetic acid forming small, oblong platelets. 
Yield> 2.20 g (95. f°) Up 209-210°C) (lit.22-mp 210-211°C) 
E-Benzopinacolonenitroimine- 1.50 g. of t-benzopinacolone-
oxime v/as dissolved in 70 ml of hot glacial acetic acid. 
After it had cooled, the solution was added drop by drop 
to a rapidly stirred solution of 2. g of sodium nitrite in 
10 ml of water. About 2.1 g of the reaction product was 
precipitated with 150 ml of water after one-half hour. By 
recrystallizing the product from acetone the nitroimine was 
obtained in rhombic flakes. Yield* 0.?3g (1.86 x 10~^ 
rnol) U5/0 Up 158-159° decomp.) (lit.22mp 160° decomp.). 
1,2,2,2-Tetraphenylethylhydrazone.- Tetraphenylacetylni-
troimine 0.90 g, (2.3 x 10"^ mol) was suspended in 60 ml 
of 96$ ethanol with an excess of 2% sodium amalgam (15*0 g) 
and refluxed for 6 hours. Then the solvent was vacuum 
evaporated over steam, the residue digested with water, 
and extracted with ether. The dried ether solution was 
concentrated and the product crystallized out forming 
about 0.3 g of" "the hydrazone as prisms. Another 0.1 g of 
additional product was obtained from the solvent. 
Yield 1 0.4 g (1.1 x 10~3 mol) (W) mpi 186-187.5°C 
(lit.22 mpt 187-188.°C) 
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1,2,2, 2-Tetraphenyldiazoethane- In an erlenmeyer flask, 
0.05 g (1.4 x 10 ̂  mol) of 1,2,2,2-tetraphenylethylhydra-
zone in 25 ml of xylene was reacted with 0.05 g (2.3 x 10"^ 
mol) of mercuric oxide. The solution was vigorously stirred 
over an ice bath for a short time. The suspension turned 
black and the solution an intense red. 
The solution was filtered, the residue washed with 
xylene, dried, and the residue dissolved in ether. The 
solution was concentrated and recrystallized at 0° C. The 
product, however, upon standing at room temperature, had 
decomposed yielding tetraphenylethylene. 
Yield* approx. 0.015 g (31.W (4.4 x 10~5 mole) 
mp 220-223°C (lit. mp 221-223°) 
Monosubstitutedtriphenyl carbinols. - A Grignard solution 
prepared from 0,1 mol of one of the substituted bromoben-
zenes and 2.4 g ().l g-atom) of magnesium in 100 ml of 
anhydrous ether was treated with a solution of 18.2 g 
(0.1 mol) of benzophenone in 75 ml of anhydrous benzene. 
The product was then washed successively with dilute Sul­
furic acid, sodium bicarbonate solution, and water, and 
steam distilled to remove the impurities and unreacted 
materials.. The product was crystallized from benzene and 
petroleum ether (30-60°) The following chart gives a sum­
mary of the compounds made and the yields. 
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X-triphenylcarbinol Yield mp lit. mp 
jo-Chloro 4o# 83-84.5° 85®1 
in-Chloro 311° 73-750 
£-Methoxy- 69% 84-84.5° 84° ? 
ethyl 62% 97-98° 98® ^ 
m-Trifluoromethyl 52% 53*0-54.0° 
1Gomber, Cone (B. 39» 3282) 
"2 
Kauffmann, Pannwitz (B. 4£, 771 
%att, (Soc. 1929, 1630) 
Monosubstituted Triphenvlmethylchlorides.- To a solution 
of 0.01 mole of the monosubstituted triphenylcarbinol in 
20 ml of anhydrous benzene, 1.96 g (0.025 mol) of acetyl-
chloride was added, and the mixture refluxed for an hour. 
The solvent and unreacted acetylchloride were removed, and 
the product set aside in a dessicator to crystallize. The 
following is a summary of the results* 
x-triphenylmethylchloride Yield mp lit. mp 
£_-Chloro 8 5% 88.-88.5° • 88-88.5®1 
jn-Chloro- 76% 120-122.5° 
j>-Methoxy- 69% 84.5-86.0° 
j>-Methyl 90% 99.0-100° 99 °2 
in-Trifluoromethyl- liq. 
^"Stieglitz, Leech (Am. Soc. ̂ 6, 294 
2Bistrzycki, Gyr (B. 2lL* 661) 
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Analysis of JD-Methoxytriphenylmethylchloride - Anal. 
Calcd. for C20H17)C1i C, 76.89%» H, 5.77%i 0, 5.39j 
CI, 11.95% 
Founds c, 77'13% 1 H, 5-53^; 0, 5.5^%*i CI, 11.80% 
•Oxygen was calculated by difference. 
Rearrangement of Triphenylacetcrnitrile oxide to 
Triphenylmethylisocyanate- Ten ml of about 0.2 M tri-
phenylacetonitrile oxide in carbon tetrachloride (spectro 
grade) was prepared. The concentration is determined 
later from the Beer's law plot of IR absorbance vs. con­
centration of the solution of triphenylacetonitrile oxide 
as the reaction proceeds. 
Reaction tubes were prepared from 10 mm (o.d.) Pyrex 
glass tubing. One ml aliquots of the solution were placed 
in the tubes, and cooled in an acetone-dry-ice bath. Then 
tubes were sealed over a dry ice-acetone bath (to prevent 
evaporation of the carbon tetrachloride) and kept cold 
until they were ready to be heated. 
The ten tubes were placed simultaneously in the cons­
tant temperature bath which had been preheated to the cons­
tant temperature desired. The stopwatch was started when 
the tubes were immersed in the bath. Tubes were withdrawn 
at various intervals during the reaction and immediately . 
immersed in an ice bath to quench the reaction. 
The constant temperature bath that was used is a 
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Haake, model FS, circulator which has an operating temp­
erature range of -60 to 250°C and a control accuracy rated 
at 0.00J2°C» 
Each of the reaction tubes in turn was opened and the 
solution transferred to the infrared absorption cell (KBr, 
path-length 0,1 mm.) and the matched reference cell filled 
with the solvent, carbon tetrachloride. The cells were then 
placed in the double beam, optical null infrared spectro­
photometer, and the material run at the wave length range 
of 1^00-1250 cm*"1. From the absorbancy readings, it was 
possible to determine the concentration of the unreacted 
nitrile oxide remaining in that tube at time t. 
Three types of infra-red spectrophotometers were used in 
this study. 
For the preliminary qualitative studies, the Perkin 
Elmer model 137 was used. The samples studied, were run 
either as the pure liquid in a Wilks Mini-Cell (AgCl win­
dow cells, 0.025 mm. or 0.050 mm cell length), or a solid 
suspension in a potassium-bromide pellet. 
The"quantitative studies.were run on either the. Perkin 
.-i 
Elmer model 337 or the Beckman IR 10. The reason for the 
change in instruments was that the project was completed 
at Spring Arbor College where the spectrophotometer avail­
able was the IRi 10. The Sargent model SR recorder was 
coupled with the Beckman IR 10 when the samples were run 
to determine the change in peak height of the nitrile 
oxide absorption band. 
The substituted nitrile oxides were converted to the 
isocyanate product by a similar procedure. The following 





Infra-red spectra (FigsA-15-17) for all of the com­
pounds were obtained, and, upon the basis of this spectral 
evidence, the compounds were verified. Attempts to purify 
them sufficiently to obtain elemental analyses were unsuc-» 
cessful. All of them are liquids at room temperature and 
are unstable. 
The resulting substituted isocyanates that were formed 
when the nitrile oxides rearranged were liquids at room 
temperature. Again, efforts to purify the compounds, suf­
ficiently for elemental analysis were futile. The evid­
ence for the presence of the product is therefore based 
upon the spectral evidence. 
The unsubstituted nitrile oxide, triphenylacetoni-
trile oxide rearranges to form triphenylmethylisocyanate. 
Triphenylacetoamidoxime - g (2.15 mmol) of triphenyl-
acetonitrile oxide was dissolved in benzene (30 ml), about 
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100* excess (0.5 g) (*.85 mmol) of the required amount of 
aniline was added, and the mixture was heated for 15 min­
utes on a steam bath. The crude amidoxime remaining after 
evaporation of the solvent in vacuo was dissolved in 2N HC1, 
filtered, and reprecipitated by neutralization with 2N 
Na2C03 solution. The anilide oxime ..was finally purified 
by recrystallization from aqueous alcohol. Yield: Q»79 g 
(2.1 mmol) (98#) mp 180. -  181*5° (lit .  mp. 182°C). 
N-Triphenylmethyl-fl '-phenylurea -  0.61 g (2.15 mmol) of 
triphenylacetonitrile oxide was refluxed overnight in xylene 
(20 ml). To the hot xylene solution, 0.1*3 g (1**2 mmQl) 
aniline was added, whereupon the phenylurea crystallized 
out on cooling. A second fraction was obtained on con­
centration of the mother l iquor. The mixed ureas were re-
crystallized from aqueous acetic acid. Yield: 0.8l g 
(2.12 mmol) (98.5#) mp 21*3.5 - 21*5° (lit. mp. 2i*2-2(*3°C), 
Attempted Catalysis of the Rearrangement Reaction of 
Triphenylacetonitrile oxide to Trlphenvlmethyllsocyanate -
• 
Identical 10 ml solutions of about 0.2 M triphenylaceto­
nitrile oxide in carbon tetrachloride were prepared. 
Reaction tubes similar to those prepared previously (see 
page 78) were used following the identical procedure. To 
the one solution 0.1 g of magnesium bromide was added as 
catalyst.  The tubes were filled with 1 ml aliquots of the 
two solutions, sealed, and heated in the constant temperature 
ture bath. At regular time intervale a sample of the two 
solutions was removed, opened, and transferred to the I.R 
absorption cell and the degree of rearrangement of the 
material determined by the change in peak height of the 
nitrile oxide absorption band at the wave length range of 
1400-1250 cm"1. A comparison of the peak heights between 
the sample containing the magnesium bromide and the con­
trol sample, revealed that the magnesium halide had no 
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Concentration vs. Time Data obtained when 
Triphenylacetonitrileoxide was heated at the 
following temperaturesi 
Temperaturei l4l°C. (see p. 36) 
Time Absorb. Aver. Dev.* c2  
(sec*) • '  (3 Runs) (Moles/1) 
A 0 .446 + .002 .2053 
B 1100 .436 + .001 .200? 
C 1800 .430 .001 .1979 
D 2700 .423 + .001 .1947 
E 4500 .406 + .001 .1869 
P 35000 .209 + .002 .0962 
G 73200 .099 + .003 .0454 
H 96100 .062 + .004 .0287 
1 173000 ,0018 + .003 .0059 
The samples were checked three for the adsorption band 
heights at 1307 cm"1  and an average used for each of the 
values. A check of the average deviations shows that very-
l i t t le deviation occurred. 
2 
The concentration values were determined by the following 
equations* 
Cmoles/l =  S/*1  iOOO/M.W. 
g/ml = Absorb,/7.62 units/g/ml. 
Temperature* 117°C. (see p. 38) 
Time Absorb. Cone, 
(sec.) (Moles/1) 
A 0 *460 .212 
B 1810 .456 .210 
C 3850 1441 
.413 
.203 
D 11300 .190 
E 23150 • 371 .171 




A 0 .5^7 
B 1600 .521 
c  3600  .504 
D 10350 .441 
E 33200 .255 
Temperature* 171°C. 
A 0 .871 
B 1100 .832 
C 1800 . 810 
D 2700 .771 
E 4500 .719 
F 35000 .146 
Temperature* 190°C. 
A 0 .241 
£ 900 . 2 3 0  
C 1800 .218 
D 3600 .201 
E 7100 .159 
F 12700 .125 
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